A 9-year-old boy undergoing anaesthesia including suxamethonium and halothane suffered cardiac arrest on two occasions. Clinical and laboratory examination subsequently showed that the patient had suffered from acute rhabdomyolysis. The eventual recovery was satisfactory.
cardiac activity started again and the e.c.g. showed enlarged ventricular complexes at a rate of about 100/min. Arterial pressure was 120/80 mm Hg. The operation was terminated quickly. About 15 min later the heart rate slowed again and a further cardiac arrest in asystole occurred. The second resuscitation was difficult. Only after more than 15 min of external cardiac massage, repeated i.v. administrations of increasing doses of adrenaline up to 0.5 mg, calcium gluconate 1.0 g, infusion of sodium bicarbonate 84 mmol/litre, frusemide 200 mg and 100 ml of 20% human albumin solution did ventricular fibrillation appear which was converted to a sinus rhythm accompanied by frequent extrasystoles; these could be suppressed by an infusion of lignocaine. The pupils remained small throughout resuscitation and the temperature did not exceed 36.5 °C. At this time the patient showed signs of regaining consciousness and was sedated with diazepam 5 mg and paralysed with pancuronium 2 mg. After 1 h of controlled ventilation, . spontaneous respiration recommenced and the tracheal tube was removed. At this time the following blood measurements were obtained: sodium 131 mmol/litre, potassium 5.8 mmol/litre, chloride 92 mmol/litre, calcium 1.37 mmol/litre, phosphate 3.7 mmol/litre, protein 82 g/litre, s.g.o.t. 865 i.u., s.g.p.t. 241 i.u., c.p.k. 16 860 i.u. The abnormal values of calcium and phosphate had returned to normal by the next morning. After urethral catheterization 750 ml of red-coloured urine was obtained. The presence of myoglobin was confirmed by the Blondheim reaction, by gel nitration and by electrophoresis (Adams and Rozman, 1970) . During the period that followed, urine concentrations of myoglobin, creatine and amino acids were measured daily together with c.p.k. in serum (table I). On the 4th day a biopsy of the quadriceps muscle was obtained for histology, histochemistry and electron microscopy (Jerusalem and Bischhausen, 1975) (figs 1 and 2) . The e.m.g. (by courtesy of E. Meyer, Zurich) showed low voltage and brief duration action potentials in the quadriceps, tibialis anterior, triceps bracchii and biceps bracchii muscles. The subsequent clinical course was uneventful and the patient left the hospital on the 10th day without any residual symptoms. After this event inquiry revealed that the patient had complained about muscle pains up to the age of 6 yr and that family walks had had to be stopped because of these complaints. Physical examination revealed a normally grown boy without any myopathic signs (except strabismus). After ischaemic forearm exercise and exercise on an ergometer for 3 min, a normal rate of increase in serum lactic acid concentration occurred, indicating normal glycolysis and glycogenolysis. A normal carnitine concentration in serum and muscle and a normal carnitine palmityltransferase activity in muscle were determined (by courtesy of A. G. Engel, Mayo Clinic, Rochester, U.S.A.). The e.m.g. at 6 and 12 months after the cardiac arrest was normal.
The younger sister of the patient had never complained about muscle pain and had not suffered strabismus. A series ofc.p.k. estimations was: 140, 425, 108 i.u. The e.m.g. and the increase in lactic acid were normal. The parents of the patient had normal c.p.k. values.
DISCUSSION
The clinical course and the biochemical and histological findings in this patient confirm the diagnosis of paroxysmal myoglobinuria as a result of a clinically inapparent myopathy. The biochemical examinations, .however, gave no clue to the nature of the muscle disease. In particular, no indication of a disorder of lipid metabolism, glycogenolysis and glycolysis could be found (Rowland and Perm, 1972; Engel and Angelini, 1973; Bank et al., 1975) .
The normal c.p.k. values in the parents, but the increased values in both children are indicative of an autosomal recessive mode of inheritance. The occurrence of cardiac arrest could be explained by rapid electrolyte changes across the cell membrane, especially of calcium during destruction of muscle. Such low calcium and high phosphate values are typical of the early phase of acute rhabdomyolysis (Grossman et al., 1974; Cifuentes et al., 1976) .
The interest in complications resulting from the action of suxamethonium and potent anaesthetic agents on myopathic muscle has been focused mainly on the syndrome of malignant hyperpyrexia. It is recognized less that the same agents can produce acute rhabdomyolysis with myoglobinuria in patients with certain types of muscle disease. In 1964, Bennike and Jarnum reported a 20-year-old male who developed idiopathic myoglobinuria with subsequent renal failure after an anaesthetic involving suxamethonium and halothane. The main finding was a marked increase in the serum concentrations of creatine phosphokinase, the transaminases and lactate dehydrogenase. A further patient was reported by McLaren (1968) after a similar anaesthetic procedure. Jensen and colleagues (1968) have described a case of myoglobinuria after an overdose of suxamethnoium.
Recently another patient with massive myoglobinuria precipitated by halothane and suxamethonium but without cardiovascular and renal complications, was reported (Moore, Watson and Summary, 1976) . The normal effect of suxamethonium on the release of myoglobin is well established. In adult patients the appearance of myoglobin in serum is rare, whereas in a group of children aged 0-10 yr, myoglobin (5-15 (xg/ml serum) could be detected in 40% of the patients after a single i.v. dose of suxamethonium 1 mg/kg (Airaksinen and Tammisto, 1965; Jensen et al., 1968; Ryan, Kagen and Hyman, 1971) . Furthermore, congenital factors predisposing to the development of rhabdomyolysis are found in certain types of patients with strabismus more often than in other children (Tammisto et al., 1970) . In addition, halothane appears to play a role in the production of the muscle injury since myoglobinuria and increased concentrations of c.p.k. did not occur during nitrous oxide and oxygen anaesthesia (Tammisto and Airaksinen, 1966 ). It appears from all these studies that the release of minute amounts of myoglobin and a slight increase of c.p.k. after the injection of suxamethonium may be a frequent response to this agent in certain groups of patients.
However, these insignificant side-effects of suxamethonium are very different from the excessive muscle necrosis observed in our patient, who even one year after the accident still showed increased c.p.k. values. Therefore we must consider this incident as a further case of acute rhabdomyolysis or paroxysmal myoglobinuria, precipitated by anaesthesia with suxamethonium and halothane. Only a few examples of this complication have been reported. However, it must be considered that, in contrast to the syndrome of malignant hyperpyrexia, there appears to be no clinical symptom which points to this complication at the height of the attack. The only clinical sign, an inappropriate muscle relaxation after suxamethonium, is considered an indication of malignant hyperpyrexia.
In cases of an unexplained fatal intraoperative cardiac arrest, preservation of plasma, urine and fresh frozen muscle tissue is imperative for further diagnosis. This is particularly important for the medicolegal clarification of such cases. 
